Introduction
In previous studies Koenig et al., 1990a) we have demonstrated the presence of five different epitopes on particles of beet necrotic yellow vein virus (BNYVV). Epitope 1 (the term 'epitope' is used in the singular throughout the text, but preliminary results of scanning experiments with synthetic peptides to overlapping regions of the virus CP suggest that at least some of the antigenic regions described here consist of a number of closely spaced, overlapping epitopes) is exposed only on one extremity of the particle, whereas epitopes 2 and 3 are exposed on the opposite one. In contrast, epitopes 4 and 5 are found along the entire length of the particle. Epitopes 2 and 5 are destroyed by treatment with SDS, whereas epitopes 3 and 4, and to some extent epitope 1, survive this treatment and thus can be studied by Western blotting. Trypsin degradation experiments had suggested that epitope 4 is located on the C terminus of the coat protein (CP) amino acid sequence, amino acids (aa) 183 to 188. Using Eseherichia coil-expressed free CP and a series of fusion proteins (FPs) containing fragments of the CP we confirmed the presence of epitope 4 on the C terminus, and located epitope 1 in the region of the N terminus (aa 1 to 7) and epitope 3 in the region between aa 37 and 59 of the CP. Also, two new SDS-stable epitopes were found in the regions between aa 115 and 125 (epitope 6) and 125 and 140 (epitope 7), respectively. Epitope 6 was found on the same extremity of the particles as epitope 3, whereas epitope 7 became exposed only after denaturation of the particle. A preliminary account of part of this work has been given .
Methods
Polyclonal (PAbs) and monoclonal antibodies (MAbs) were the same as those used in previous studies Koenig et al., 1990a, b) except MAb Ch 1 prepared by Liu et al. (1990) and MAb SCR 84 prepared by L. Torrance (unpublished results) . A cDNA clone of the BNYVV CP gene (pCG700) (Ehlers et aL, 1991) served as the starting material for the construction of deletion clones using the modified expression vector pEX2 (Kocken et al., 1988) (Table 1 ). The deletion clones were obtained by restriction endonuclease subfragment excision, using the natural sites available in the cDNA of the CP gene 0001-0613 © 1992 SGM t pGC700 is described by Ehlers et al. (1991) .
37K N-terminal sequence of our BNYVV isolate (U. Commandeur, unpublished results) and in the pEX vector (Stanley & Luzio, 1984) . By using these deletion clones, defined fragments of BNYVV CP were expressed as FPs with either a 37K or a 45K portion of the fl-galactosidase (fl-gal) sequence at the N terminus (Table 1) . Full-length BNYVV CP was expressed from plasmid pJLAcp. For its construction, the cDNA of the BNYVV CP gene was excised from pGC700 by digestion with AflIII and BamHI, and ligated into the NcoI/BamHI-linearized vector pJLA502 (Schauder et al., 1987) . Recombinants were screened on the basis of the size of the inserts and of the expressed FPs, and were checked by restriction analysis. The transformed bacteria were grown in 2 ml LB medium containing 100 ~tg/ml ampicillin and the expression of the FPs was induced by incubation for 6 h at 42 °C. The cells were harvested by centrifugation at 12000g for 10 min and resuspended in 100 pl 1 x extraction buffer (Laemmli & Favre, 1973) . The mixture was kept in a boiling water bath for 10 min and 5 ~tl aliquots were analysed on 10 ~ or 15 ~ polyacrylamide gels (Laemmli & Favre, 1973) . Western blotting (Burgermeister & Koenig, 1984) and immunogold electron microscopy were done as described previously.
Results
The reactivity of FPs containing different parts of the BNYVV CP amino acid sequence with PAbs and MAbs was checked by means of Western blotting ( Fig. 1 and 2) . PAbs did not react with the FP containing aa 1 to 43 of BNYVV CP; however, they did react strongly with the FP containing aa 1 to 59. This suggested that all or part of the region between aa 44 and 59 is involved in the formation of an SDS-stable epitope (Fig. 1) . No increase in reactivity was observed when the BNYVV CP sequence in an FP was increased in length to aa 103, indicating that there are apparently no strong SDS-stable epitopes in the region between aa 60 and 103. The FP containing aa 104 to 114 did not react with PAbs, suggesting that this region does not contain SDS-stable epitopes. However, the FP containing aa 104 to 140 of BNYVV CP strongly reacted with PAbs, suggesting that all or part of the region between aa 115 and 140 is involved in the formation of SDS-stable epitopes. Further increasing the length of the BNYVV CP sequence in FPs to aa 179 did not cause a pronounced increase in reactivity with PAbs. Thus, there are apparently no strong SDS-stable epitopes in the region between aa 141 and 179. However, a strong increase in reactivity was observed with the FP containing the entire C terminus of BNYVV CP (aa 180 to 188). This suggests that all or part of the sequence between aa 180 and 188 is involved in the formation of SDS-stable epitopes (Fig. 1 ).
Testing the same FPs with MAbs showed that each of the three antigenic regions described was recognized specifically by some MAbs, e.g. the region between aa 44 and 59 by MAbs 41 and 47, the region between aa 115 and 140 by MAbs Chl and SCR 84, and the region between aa 180 and 188 by MAbs MAFF 6, MAFF 7, 8B6, 3H12 and 4 F l l (Fig. 1) . The epitope for which MAbs 41 and 47 are specific had formerly been named epitope 3, the one for which MAbs MAFF 6, MAFF 7, 8B6, 3H12 and 4Fll are specific had been named epitope 4 (Koenig et al., 1990a) . We also produced FPs containing only the BNYVV CP sequences between aa 43 and 59, 125 and 140 or 176 and 188, respectively. The latter FP reacted as strongly with the MAbs as the FP containing aa 104 to 188, suggesting that epitope 4 resides entirely within the sequence between aa 176 and 188 (Fig. 1) . However, the FP containing aa 43 to 59 showed weaker reactivity with MAbs 41 and 47 than the FP containing aa 1 to 59. This suggested that some amino acids preceding the sequence Fig. 2 Fig. 1 is based. Reactivity of FPs 1 to 9 (lanes 1 to 9) 
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with PAbs to fl-gal (a) and BNYVV particles (b), and MAbs 41 (c), Chl (d) and 3H12 (e).
between aa 43 and 59 may also be involved in the formation of epitope 3, although the FP containing aa 1 to 43 showed no reactivity. Indeed, we found that an FP containing aa 37 to 59 reacted just as strongly with MAbs  41 and 47 as the FP containing aa 1 to 59 (Fig. 1) .
MAb Chl reacted equally well with FPs containing either aa 104 to 140 or 125 to 140. However, MAb SCR 84 and several PAbs reacted only with the FP containing 1 2 3 a free protein in E. coli. In Western blots such preparations yielded several closely spaced bands which all reacted with PAbs (Fig. 3) . However, only the most slowly moving band, which moved at the same rate as intact CP from virus particles, reacted with MAbs M A F F 8 or M A F F 9. The nucleotide sequence of the CP gene is known to contain several in-frame A U G s in the 5' region (Bouzoubaa et al., 1986) which may provide internal translation starts in bacteria. The more rapidly moving bands in Western blots apparently represent truncated forms of the CP which start at aa 8 or 13. Since MAbs M A F F 8 and M A F F 9 did not react with these truncated forms of the CP, we conclude that they are specific for an epitope which is predominantly or entirely formed by N-terminal aa 1 to 7 of BNYVV CP. aa 104 to 140, and not with that containing aa 125 to 140. Neither of the MAbs reacted with the FP containing aa 104 to 114 (Fig. 1) . The difference in the reactivity of the two MAbs suggests that the region between aa 115 and 140 encompasses at least two (groups of) epitopes; one, for which MAb Chl is specific (named epitope 7), resides within the sequence between aa 125 and 140, whereas the other, for which MAb SCR 84 is specific (named epitope 6), is located in the sequence between aa 115 and 125 (Fig. 1) . MAb SCR 84 reacted specifically with an FP containing aa 104 to 125 (result not shown).
The conclusion that MAbs Chl and SCR 84 are specific for different epitopes was confirmed by the electron microscopic immunogold technique . The binding of MAb SCR 84, specific for epitope 6, was readily detected on one extremity of the particle; experiments with mixtures of MAbs suggested that it is the same extremity on which epitope 3 is exposed (results not shown). However, MAb Chl was not visibly bound to the particles. Therefore epitope 7 is apparently a cryptotope which becomes exposed only after denaturation of the particle. With FPs we were not able to detect SDS-stable epitopes on the N terminus of the CP amino acid sequence (Fig. 1) . However, from previous Western blotting studies it was known that MAbs M A F F 8 and M A F F 9 detect SDS-stable epitopes on the CP isolated from virus particles (Torrance et al., 1988) . In our experiments with FPs these MAbs did not react with any of the four SDS-stable epitopes described. To identify the reaction site of these MAbs we expressed BNYVV CP as
Discussion
The results of this paper, summarized in Fig. 1 , indicate that at least five different regions of BNYVV CP are involved in the formation of SDS-stable epitopes, i.e. the N terminus (aa 1 to 7), the C terminus (aa 180 to 188) and the regions between aa 37 and 59, 115 and 125, and 125 and 140. Previous studies with untreated and trypsintreated virus particles had already suggested that Cterminal aa 183 to 188 participate in the formation of an epitope, designated epitope 4 (Koenig et al., 1990a) . With E. coli-expressed fragments of BNYVV CP we have located this epitope to a similar region, i.e. aa 180 to 188. The position of epitope 3, which was formerly located in the region between aa 1 and 103 (Koenig et al., 1990a) , has now been mapped more precisely in the region between aa 37 and 59. Since the FP containing aa 37 to 59 reacted more strongly with MAbs 41 and 47 than the FP containing aa 43 to 59 and the FP containing aa 1 to 43 showed no reactivity, jt seems likely that it is mainly the N-terminal part of the sequence between aa 43 and 59 which contributes to the formation of epitope 3, but that, in addition, there is also some involvement of the Cterminal part of the sequence between aa 37 and 43.
It is interesting that epitope 1, which is apparently at the N terminus of the CP, was detected only on the free CP and not on FPs; apparently it is blocked when part of the /3-gal sequence is attached to the N terminus of BNYVV CP. Two previously unknown SDS-stable epitopes, epitopes 6 and 7, were mapped in the regions between aa 115 and 125 and 125 and 140, respectively.
The location of the five SDS-stable epitopes described here was compared with the predictions of an antigenicity plot (Jameson & Wolf, 1988) for BNYVV CP (Fig.  1) . The predictions of the computer program (Devereux et al., 1984) chain. The epitopes on the N and C termini and the newly described epitope 7 between aa 125 and 140, lie in regions of high predicted antigenicity, but epitope 3 (aa 37 to 59) and 6 (aa 125 to 140) do not. Predicted antigenic areas in other parts of the CP aa sequence were recognized by neither PAbs nor MAbs. Each of the five SDS-stable epitopes on BNYVV CP reacted specifically with some MAbs for which we know the binding sites on the virus particles from either previous Koenig et al., 1990a) or the present studies. This enabled us to map the position of these five epitopes on the virus particle (Fig. 4) . The C terminus of BNYVV CP, which contains epitope 4, is exposed along the entire length of the particle and is readily removed by treatment with trypsin or plant proteases. The N terminus, which contains epitope 1 is exposed only on one extremity of the particles because MAbs MAFF 8 and MAFF 9, which are specific for this epitope, bind only in this area . Epitope 3, in the region between aa 37 and 59, and epitope 6, in the region between aa 115 and 125, are also exposed on only one extremity of the particle, apparently the opposite one to that which carries epitope 1 because particles treated with a mixture of MAbs specific for epitopes 1 and 3 or for epitopes 1 and 6 showed gold labelling on both extremities, whereas particles treated with a mixture of MAbs specific for epitopes 3 and 6 were labelled on only one extremity. The newly recognized epitope 7 in the region between aa 125 and 140 is apparently a cryptotope because we were unable to detect binding of the respective MAb to the intact virus particle. It became exposed only after denaturation of the particle.
In addition to the five groups of SDS-stable epitopes described here, there are at least two groups of SDSlabile epitopes, i.e. epitope 5 along the entire length and epitope 2 on one extremity of the particle (Koenig et al., 1990a) . We do not know which parts of the CP amino acid sequence participate in their formation.
